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1. TS1~ 3 Testis. ^J»?r^*?SV^^L<{4^S^#:coj|^ffi©ft^ife 



(_hS;*. Rtt7jciSX(iCi_3oT;k=¥/l--efoi9. 

Xf4;7KSl. (^*L<ttC 1 ^>L<«B r) XflCi_3oT/Udr/i.-cfe 

2. :^JSit^<D^JS^5a^^R"efe 19 . i "9^1?* L< IIR Os, Fe, R 
e%L<ilTc. i:9fc>(tRu (II) . Os (II) . Fe (II) . Re (I) X 
f±Tc (I) . (II) . (Ill) . (IV) %L<{* (V) ■i!)^hfj:?>mX'omiiti 

3. T^4~13T'*$^x5^Sm„ 



[MLL'(X)2] (4) 
(JiSltf. MtlRu (II) , Os (II) , Fe (II) , Re (I) XtlT c (I 

) -Cfcip. 

L (l^Ti-M^® L a -e& 9 . L' {±£iT(-SS»L a . Lb. Lf. Lg. 



[RO)aOP /— \ 



o 

N — ' 



PO(OR)2 






XfiNCS". CI". Br". I". CN". NCO", NCN^'. HgO. P (R 

[ML3] (5) 

M(i±Ea£i:RCt-fe?), L(4Lat)L<(*LbT'fe§) 
[MLL'2] (6) 

LJ4L aVh'O. 

L' li&.ricM&'OLh, Lf, Lg, Lh'bL<}*L i-e&§) 
[ML^L'] (7) 

LilL a-efef9. 

L' ttJiJlT(c:SS©Lb, Lf, Lg, Lh'{>L-<ttL i -efeS) 
[ML2] (8) 

L tt£tT{;:SS® L c t L< }i:L dT'foS) 



[MLL'] (9) 

Li4L c -C-fe!3. 

L' ilL e~L j -efeS) 

[MLL' X] (10) 

L' t4L e~L j -efeS) 

[MLL' X] (11) 
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L' (±La, Lb. Lf. Lg. L h t. L.< (4 L i T'foS) 
[LjM {NCM' L'aCN} 3] (12) 

M' iiRu (II) , Os (II) , feL<(lRe (I) Xh*) s 

LtiL aXh'O . 

L' fiLa. Lb, Lf, Lg. L h L< {*L i t?fe5) 

[LM {NCM' L'aCN} 3] (13) 

LJ4L c-efe'?. 

L' [iLa, Lb, Lf, Lg, L h t> L< L i "CfoS) 
rrT_hfBLa~L j i4T^r-SSIx5„ 
^)-^>Y-L a 



y:^f>'KLb 



y;^f>-KLc 
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COOH 



HOOC 




COOH 



y;«y FLe 



IJ;^;>KL f 





COOH 




COOH 



V:ff>¥l. i 




R 
\ 




P;*fxKL j 



R 




-6- 



i/^ft:^ y f y y ;^ > mmt^n tLxm^hti?>o 

fcSo ^oJ;5'te?^{-*5V^-t, S#^Ja-*:;^*;v^^[iJKy t°y ::;';vy:«fi^m 

iiiS?fijt LT®^#^M-*;^*:/^ft*°y t-y v?yp-y ;y> Km©jiffi!4# 
t^m^T'fcs^s. r©jKy fc'y v?/Wt:-g-i^ (0tJx.t«ro#^^jim®W Rx^ 



r(73/}^;^/}^>'^'fL>Ky t°y v=;i-y :y>- K»W!&-e% b< fmitiSttxi? 
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Xti:*^, /M^yy (»4L<}j:C 1 %L<!iB r) XtiC^.aoT/V^^s^/vr'fe 
5) 

»SL.<i4. ±iacos;i~3<7)'fb-^fe(-e&Si!^-/<e< ifciacDy;yvK^#tp 

u, Os, Fe. Ret5U<(±Tc, i'JtJttRu (II) , Os (II) . Fe ( 
11) , Re (I) XitTc (I) , (II) , (III) , (IV) , fcL<(4 (V) 

[MLL'(X)2] (4) 
(±S;ctJ, MttRu (II) , Os (II) , Fe (II) , Re (I) XHT c (I 
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) -eab^). 

LfiJilTic^SWLaT'fe^, L' tmTtcSScOLa. Lb. Lf. Lg. 
LhtL<(lL iX'hV. 

XfiNCS". CI". Br". I". CN". NCO". H2O. PCRjg. P (R 

[ML3] (5) 
[MLL'2] (6) 



[ML2L'] (7) 
LilL aT'&f). 

L' fiJJITtCSSWL b, Lf, Lg. Lh%L<!tL iT'foS) 
[MLg] (8) 

[MLL'] (9) 

L' [4L e~L j -efeS) 

[MLL' X] (10) 

LtlL a-efc9. 
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L' !1L e~L j -efeS) 
[MLL' X] 



(11) 



L' f4La. Lb. Lf. Lg. L h ^> L< !4L i T'fo.5) 



M' f:±Ru (II) . Os (II) . t)U<(*Re (I) -Qh^ 
L' (4La, Lb, Lf, Lg, L h L< t'iL i "efoS) 



LflL c-e&i9. 

L' (JLa. Lb. Lf, Lg, L h % L< !iL i T'fo.5) 
^;iT?_h|BL a~L j {iTS;-e«$ti5„ 
y>5f:/KLa 



[LgM {NCM' L'aCN} 



(12) 



[LM {NCM' 



L'sCN) 3] 



(13) 



(RO),OP 




PO{OR)j 



y:^f>'FLb 



X 




N — ^ 



PO{QR)j 



y:*fVKL c 
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y;«y FLd 



IJ;^;>KLe 



]):ff>'VL f 
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R 
\ 



IJ;^f>-KL i 




R 
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Tj^t^Slir^ofc-feJS^^ Wii^^a^Cunit quantum yield) T'—^ftf"^ ^ 
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»K-~co«^-®»g)Srffiii-r5r t-Tf-feSc *fffi®fficDi^|g/i^^Mii. SI-COT" 
^tjSr. hco^flilfc, Tio^a^ ■fe^&ti««lSK^uv*;S>b 

PS) , 7^!f-/i-7< 3^^"; h (PMMA) 'bL< t4^f*L< f4JKy*-JK 
(PC) ^3-hL-C%J;V\ 



y ^/v(2- ir^'f:/ y i?/ i^) (NMO) , 1, S-v'pf f'/v-2- 5 y i>/ >- ( 
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DMEN) , t'U'^/*— /jf^— jp^;— y 

tiSo J;'5»^U<(1. aS7r^'^-mo~ioooT'fei:). *'fe,»SL<(i50~ 
500 -C3b5„ ^?*L-<}4. nm^t^^ :^mU2o(D:!fm(D 0 h lo^M^'^x&m 

HcoSffilC^ftbixSo lOCO::^^}*, Stalder and Augustynski WJ. Electro 

chem. Soc. 1979, 126: 2007S.U^'affl#!lA(C|5a^ttTl^S iZ/W-^^/I^ffi-CfeS 

$f*L<id;, ^(tbixST i OsSwSlllO-lir'foS, »-^L-<}-±. T i O2 



mo~20 5;^'i=t>') r-fes. 
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ers j;i9A#"BrtgT-fo5<, 

>'*^^-^:egSi-5r n-miMm<o^^tii m&7r^^- 
r^-^A (II) »#'tti05#tfi;»-e&5„ lOM^^Ji^sa- ^$;}^fe•^-/«jgT 



MJ ;^ (2, 2' -t-t°y >'yu)/v-r^'?^ (ll) ^tF-^co|^|®|ft:(4^ Yyi':^^^ 
nt\^xm%-^ixX Steffi. }f:^i.2,2'-\i^^)i?A)/V'r=^^i>. (II) Ir!;K#:cd 

„ ^(Dimtf^^-&'&mj'=^m'&mwb(o^mnM^^o:)n§i^\mt\.x. 
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3. f![;iHT i ZnO, Nb^Og, Fe^O^, I n203&tm<?3^^tt 

?tfl^ ^^-f ;f-frV-y-— S.t>*S-^i? ni^xV^-f-X (clcctrochromic device) trffll/^S 
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**M1 

2,2'- tft°y v^i^-4,4'-tr;^ (v^Ji^yVJ^Xj}^^;— h) (S; 1 <Of b-^i^;) coK 

0.47g <D4,4'- v'y''l3^-2,2'-t-fc°!J v=V(1.5iiimol) (G.Maerker, F. H. Case <D 
J.Am. Chem. Soc. 1958, 80, 2745 {^SHfc). 0. 18g Ax b 7 M) 

^'(0. 15mmol), 0. 56g «^ U >^v^3:.^/l^(4. ImmoD&^O. 42g 
CO y\}:x.=J->vr%y{^. IBmmoDSrT/'Va'^'^^EatLfc. a— /V K7-f V:*'— (10 

cm) &tJ?^fi;w«^«x.fc ^m\(Dyy7.-=i \z.j^fz., r ^xSr98t ®?ft?s±-e 3 

B^fliWPI^L/lo ->y bOTLC (DCM:MeOH (10 : 1 ) , R 

f La =0.64) ■^?S:jS^^-^-Lfc<, ^tbSr^filCMU H^ft; Lfcfii-a-*^ 8 
ml®v?:^nn7{i5'>' : p^iS^y-zV (1 : 1) i^lJPx.. IG^^-MJfi^ L-fc„ rtl-^M 

^S'l^^v'!) ^'irVv*^ A (DCM : Me OHdii^^ia^tB) -T^'i^n-rh^/ 
2,2'- t-f!) v^>--4,4'-t";^ (v^J^f^yV*;;^Jf::^i— h) (La) 
^tfH5)-^|g*§-yr|Sj»L-fc (0.27g, 53%(*Si£:4,4'- i?7'i3^-2, 2' -tf If y 
i^>'^cov^T«:ELfc)) „ |JJWcDH5>:*^b*Si£W»tiK!55lHliDl^ix/c(0.1g) 

o 

^H-NMR (CDCI3) : 1. 36 (12H, t, 7Hz) , 4. 20 (8H, in) , 7. 72 (2H, ddd, 14Hz, 5Hz, IHz) , 8. 
77 (2H, dt, 14Hz, IHz) , 8. 84 (2H, dt, 5Hz, IHz) ppm 

"C-NMR (CDCI3) : 16. 34 (d, ^J^_p=5Hz) , 62. 79 (d, ^ J^_p=5Hz) , 122. 84 (d, ^Je-p=9H 
z), 125.65(d,%_p=9Hz), 138. 72 (d, ^J^_p=186Hz) , 149. 58(d, ^J^_p=13Hz), 15 
5.71(d, ='j,_p=14Hz)ppm 
^^P-NMR(CDCl3):15. 06ppm 

MS(IC):m/e(rel. int.)429(M+l,44.82), 428(M+,5.7), 386(19.8), 355(5.0), 33 
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5(5.9), 321(3.2), 320(24.8), 314(9.0), 305(4.9), 292(100), 291(4.9), 281 
(9.3), 264(4.5), 248(5.3), 236(13.9) 

, 218(8.1), 217(3.2), 216(8.5), 211(2.6), 188(14.7), 176(9.5), 157(10.7) 

, 151(3.6), 147(4.3), 109(8.3), 98(15.5) 

CisHasNaOePa 428.36 

VrWiU : C50. 47, H6. 12, N6. 54, P 14. 46 % 
MWM : C50. 67, H6. 25, N6. 69, P 14. 50 % 
(^:^ai^/Hf !) ■>'>'-3- hCO-g-sE : T.Hirao, T.Masunaga, Y. Ohshiro 

, T. Agawa, Synthesis, 1981, 56) 

mi&m2 
m. 

2.0g©4,4'- -:;':/i3^-2,2'-trfc°lJ -:?>'(6.4mmol), 0. 9g(D/^°7-:^'^' Ax h 7 

h V y^i — ;V!}^x:7^' >'(0.8mmol), 3. 14g ©Ml) y^v'ni5^;V(23mniol)S. 
tJ52. 34g © MJ3i5^;PT5 >'(23iiimol)$rT;v^>SrSJK U/c. a-yv K:7 ^ y;^" 
- (10cm) RXim^'^Wm^m^tcSOmKDyy =i KAflfc, ^fh^98°C(Dmm± 
T'SBtMilPI^Lfco i/U hcOTLC (DCM:MeOH (10: 1) 

, Rf La =0.73) "CSlS^^^^ Lfc„ rix^S?a[;iM Hft LfciS-a-^fe 

^23niico7«^y-/vicipx.. Wj^mmwL-. mBrr-mm^^nmLtc, 

aer^^v^y ^'f/V^yA (DCM :MeOHtiJ;i9'A)ga^tU) -C^n-^h:/ 
yyiciimf^ i?3^^/V-4:- •fn^-2,2'-\f}fVi?:y-4:'-^::^^:^~h (Lb) 
-&tPH5)-^^»$^±^«Lfc (0.79g , 40%) „ 

J; !5tlttWi^V^jii5>2, 2'- t' t° y i/ 4' - f\X (i;?3if^;l^4N;2;7jN;t— h) ( 

La)(o.97g . u%)i>>&&m#t\^x'^m^titz. m<Dm^i>^h^K!^^mm 
mw*>miu^titc{o.3ig, 6%)„ 

^H-NMR(CDCl3):1.20(6H,t,7Hz), 4.05(4H,in), 7. 32 (IH, dd, 5Hz, 2Hz 

) , 7. 56 (IH, ddd, 13Hz, 5Hz, 2Hz) , 8. 32 (IH, d, 5Hz) , 8. 44 (IHz, DT, ^Jp_H=15Hz, 1. 5 
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Hz) , 8. 65 (IHz, DT, 5Hz, 1. 5Hz) ppm 

^^C-NMR (CDCI3) : 16. 02 (d, ''j<,_p=6Hz) , 62. 39 (d, ^J<,_p=6Hz) , 122. 52 (d, ''Je_p=10 
Hz), 124. 18 (s), 125. 34(d,%_p=8Hz), 126. 87 (s), 133. 49 (s), 138.44(d/j^_ 
p=187Hz), 149. 10(d,%_p=13Hz), 149. 65 (s), 154. 78 (d, %_p=13Hz) , 156. 05 ( 
s)ppm 

^^P-NMRCCDClg) :14. 82ppm 

MS(IC) :in/e(rel. int. )373(2. 5), 372(9.3), 371(3.3), 370(M+, 8. 8), 328(20.9) 
, 326(20.0), 299(17.5), 297(17.8), 264(10.4), 262(16.5), 237(12.3), 236 ( 
100), 235(23.2), 234(98.9), 208(9.4), 127(6.8) 
C14H16N2B r O3P 371.17 

ffWII : C45. 30, H4. 34, B r 21. 53, N7. 55, P8.34% 
: C45. 35, H4. 38, B r 21. 41, N7. 61, P8. 39% 

mmm3 

i!>3L<^;V-2,2' -.6,2'- y'/V}^]}i^>-i- (^ 3 ©'fk-g-tl) (DM^ 

2.55g (Di'- -fu^-2,2' -.6,2"- x/Vf !J v'^' (8. 2mmol) , 0. 6g©/^°7 v'^^ A 
r b y 7 >'(0. 5iiimol), 1.9g(DWV y^i>:^f;^(2.0'lg, 

15iimiol)S.m.52g CO M) Jif^/VT?y(2. Iml, 15mmol) trT;W=f>^3EiJt Lfc. 
=t-/V K7 (19cm):aT^«g^^mi^«X.fc50ml® =7:^=^ 
0 ^tL.^95°C®ffl?«Ji-C3!IfrBlML. ^rat^MLfco ia^t:Lfc?l-^i|^^25ml© 
/—MCM±. v-y (DCM : Me OHt^liip^gSB^tb) -T?^ 

D-r J^5^yW2, 2' :6,2"- 7"/Wt°y i/V-4' h ^ 

"&tpH5)-^^ISS-^^iSLfc (1.7g) . 



lUM«H53-^^?3*SJSffi*%R^5[nii|x$ti/t(o.57g, 72.3%(*s;^:4'- t'p 

^-2,2' 6' , 2"- x/Vt'y v^^^l;l■oV^TMJELfc))o 
mp : 140 °C/152 °C (ai^y— yV) 

^H-NMR(CDCl3):1.35(6H,t,7Hz), 4.21(4H,m), 7. 30 (2H, ddd, 7. 5Hz, 5Hz, 2Hz) , 7. 
82(2H, dt,8Hz,2Hz), 8. 56 (2H, d, 8Hz) , 8. 68 (2Hz, d, 4. 5Hz) , 8. 82 (2Hz, d, %_h=1 
4Hz) ppm 
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^^C-NMR(CDCl3):16.29(d,%_p=6Hz), 62. 58 (d, ^ J^_p=6Hz) , 121. ll(s), 122.58 
(d,%_p=10Hz), 124. 00 (s), 136. 70 (s), 139. 54(d, %_p=186Hz) , 149. 20 (s), 
155. 27 (d, ^J,_p=2Hz) , 155. 79 (d, %_p=2Hz) , 155. 79 (d, ='j<,_p=14Hz) ppm 
^^P-^MR(CDCl3) :15. 59ppm 

MS(El):m/e(rel. int.)370(6.8), 369 (kT, 29. 1) , 339(2.8), 324(1.1), 312(2.0) 
, 308(1.0), 262(2.2), 261(11.5), 260(6.3), 259(2.3), 234(18.6), 233(100) 
, 232(7.6), 221(1.5), 156(2.0), 155(5.1), 130(2.3), 129(12.5), 127(15.9) 
, 105(2.3), 102(2.7), 101(2.1), 75(2.7) 
CigH^oNaOgP 369.36 

VrWW.: C61.79,H5.46, Nil. 38, P8. 39% 

MMiU : C61. 86, H5. 42, Nil. 27, P8. 50% 

2, 2' : 6' , 2"- T/l- f V i^^'i, 4' ,4'- MJ (^4 ©ft-g-tl) 

f V 7ml) fp(0278mg ©4, 4' , 4'- hU p« ^;V-2, 2' :6\ 2'- X/Vt" ]} "J 

:/(liimiol) (P. E. Posevear, W. H. F. Sasse ©J. Het. Chom. , 1971, 8, 483 \Z.i.^% 

jt)©^S^5.6ml (^^\^^} i/y^(D2. 7 ^(Ot- Vyy'=^f^T y^^^ K'^-^^ 
p{f>'^(7.5mmol)co^?«{CJ;9. 90t;(cjoV^T 1 ^M45^;5Mt-CKft Lfc„ itv 



TSiiU. SiS?r*^$^^JftL, ^gfe^Tk (2X10nil) , -<y-^y (2X10 
ml) &t)«v^^'PP^^>'(10nil)T-a^6t)lC*!!faLfco B«iil^7K(10nil) iCAtt. 
(3X5ml) t?ftmLfCo *ffi^^*^-&iySU ^£.(-5^^(70 

5mi)-ei40 t:{c*iv^r. i2nf^:^hkcmk^^^\^ (4X3nii) , mc\.fc^ 

hmum^^^^xm^mm^^m^x^tzo T;^:*';xo^^^a#. ph=3.5 

(C*5l/^Tefel&*dS5>ilL. M®b, ;!Ki5tL. ^jftLfc(137nig)o V &t>*'^C-N 
MR h/V(D20/NaOHtf)lCj; ^ ©^^i^}±2, 2' :6' , 2"- y^^UifVi^^- 

4, 4' , 4'- MJ * /VjK y ^ 4-;^ ^/U-2, 2' , 6' , 2'-r /V D :/-4' , 4'- S^';* 
5K>'^C0 4 : lii-a-^T-fcofco 
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a) L:dS2,2'- trt°y v'>'-4, 4' -tf;^ (v=3:.5^7V*;?^ b) -Cfc5 [RuL2( 
C CO^^ 

52. 3mg(0„ 2mmol) u C 1 3 3 H2 OS.!;^ 171. 2mg(0. 4mmol) © 

y K2, 2' - e h° U i/:/-4, 4' h) ^15ml<iDDMF 

x/Wl-^Jtli-j; 19 [RuL2(Cl2)] ^«$*5„ li!firB?r»JL. 1 : 1 T-fe 

b) L;552,2'- If t°!J ■y>'-4, 4' - f;^ (i^a:^/^;^;;^;^;:/^) "CfeS [RuL^C 

i^] (S:4wft^ti)ro^i?S 



c)L/iS2,2'- fcrt°y -:;'>'-4,4'-i>5}^;^5}^v^-efe5 [ruL2(ncs)2] (S;4 

a3tTT205mg(0. 2nimol)(D [RuL2(Cl)2] ^20nilCDDMF ir^^ 243m 
> jSii-fSo r©«?«(CHC 1 04(0. Olmol)^. |§«<7)pH;a3l~2lC/^6^T 
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a) [R u C 1 2(DMS OJ (DMS 0 = ^?^ 5^7V;^7VJf;drv' V)(D^I^ 

b) L;5S4,4'- v^7«g^/V-2,2'-fcrb°P v'^^T'feS [Ru (L) C 1 aCDMS OJ 

1 y^S® [Ru C 1 2(DMS 0)4] =Sfi®4, 4'- >'^=?-/V-2, 2'-lf t:°y 



c) L^H,4'- v'^5^/W2,2'-tft°y v=V-t:-fc'9> L' ;4i2,2'- f t° y y-4, 4' - 
If;^ h) [R u (L) (L' ) (C 1 (D^^ 

l^iSro [R u L (C 1 )2(DMS O) J (Lfi4,4'- v'^ ^./V-2, 2' - ft" y 

yvh?>) xr/iS*«2,2'- ft°y >'V-4,4"'-f~-x (i;;j-^-;v*x;3^-t^— b) 

d) L;jS4,4'- i?^5^yP-2,2'-fc"b"'y v'>-T'&i9, L' ^^2,2'- t' t" y i?y-4, 4* - 

^;s'J}^;^:^>'^-efe5 [Ru(L)(L')(c 1)2] ©-a-fig 

e) L^H,4'- v?7<5^yV-2,2'-fb°y v=V-efci9, L' ;4S2, 2* - f t° y v> y-4, 4' - 
K';^ (v?alf-/^/J^X*^.— h) -ffoS [Ru(L)(L')(NCS)2] (D-^^ 

mmm? 

a)L;552,2'- If t°y i?>'-4, 4' -t*;^ (v?3i^/V5f;y^jf;;^;— b) -efc^ [RuLg 
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^tin. 1 3*®RuC l33H2ORr^3Si«02,2'- tf t° 1) i>>--4, 4' -fc';^ 



ONaOH*^?S(::^fp-t-5o #HC 1 04t-JD;t-rr<D^?gropH^l~2}C 

mmms 

a) L' ^SLh (R}4*Sgt L< }±Ci_i5T^V^/V-C&5) "CfeS [RuL' 2(0 

1)2] 

b) L;3S2,2'- If f U v?^^-4, 4' -t';^ (v^ai^/Vjf;;^*;^;- b) T'fe!9. L' ;aSL 
h (RflTtt^t L< HCi_iBT/V=3{^/Vr'fo5) T'foSLRuLL'aJCSeOft'g- 

i^Xii. 1 S*£D [RuL'aCCDg] ^tM. 5 ^*(D2,2'- K't" U i/:x-4, 4' 

a) L^52, 2'- fc*t°y -:;'>'-4,4'-fcr;^ (^?3i5^/^5}^;^5}^^— b) -efcS [RuL2( 

c 1)2] 

b) L;SS2,2'- }f\^])i?y-4,4'-}f:^ (i;?3i^^V5f;x^5t;j^;- T'fo!9^ L' ;SSL 
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[ R u ( L) 2 ( L ' ) ] (S: 7 ® f CD-^^ 

^tXtt. l^iS® [Ru(L)2(Cl)2] yiS^Lh^^jgrOMFtfJ 

Olm *M^(r^ff-t-5o *HC 1 04^JP^TrcDj§fS»pH^l~2(rt-5„ 

a) L^S-i;a:^/V-2, 2' :6' , 2''-r/Vfc° U -*;^/-J^^— h "efeS [R u Lg] (S; 

^tbfl. lyaicoRuC l33H2O.S;t;^'2M3Sj;!0^-f;^l^lr#v^>':Eg^/^-2,2 
"■.6' , 2"-r/H;° y v'y-4' /J^;^— h ^^igTDMF 4^1? 4 B^PalS?! "TS ^ t 

b) Lff^i>si=f-;U-2, 2' :6' , 2''-X>'Vt° U v?>-4' -Jf:;^* [R u Lg] (^8 

a) Lii^^iy-3i^/U-2,2' :6' , 2'-r.'H:° U i?>-4' -5}^;^5}^^— b -CfeS [Ru L(C 
1)3] '^-a-J* 

rtbf±> 200mg(0. 77iiimol)ORuC 1 3 3 H2OStJ«284mg(0. 77 

mmoDcoy ;ffy KL c §r^*T^^/l^T/V3— /V^fT 1 BtW^^jS-f 5 " t (' J: "9 
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b)L^Si>3if-/v-2, 2' :6',2"-7'7Vfc°D v?:y-4'-*;^*^— L' i)^V 
VKLe (R(l7RSg^ib< (iCi.igT/Vdr/VT'&S) J; iStftbS [R u L L' ] 

6',2''-x/Vt°y v'>-t?fe5)S.T/l l^acOL e (R flTKSSt L < C ...gT/V^ 

»ifeMi2 

a) L;SSi?3^5^;V-2, 2' :6' , 2'-T-'Vfc° U bTfeS [R u L (C 

1)3] w-a-fig 

b) L;jS4- (if;:^) 3i5^/v*;^*i^K-ft-2,2',6',2"-x;H;°y v^^^-efeip. L' 
4,4'- v'^9^/V-2,2'-K't°!)i;'>-t:-fo5[RuLL' (C DJO-^/S 

::tbt±. 200iiig(0. 35iiimol)c0^ife^J12a cO^^i^SU?83mg(0. 45iiimol) ©4, 4' - 

7< f-/V-2, 2' - t° !J > % S ^ T20ml (DDMFtfr'eH^rHlJSJ^-rS'tdi^ 



c)LtH- (tf;^) 3l'f-;^/^:;:^:r^^'K'^t:-2,2',6',2''-xy^t°y v^v-efet). L' 
4,4'- v*7f'5^/V-2,2'-lft°yv'V-efe5[RuLL' (NC S)]CO'g-fig 

170mg(0. 27mniol)(D^J£f!|12b <7?4.fig%^^jRT«'t5l/^T20ml(DDMF (r^fi? 
t"So r<D^SiCNaNCS(300mg, 3, Tmmol) 2ml^JPxSo 5 RfRilaS 
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a)L;55Lj (Ri4*Sgt) U< (iC^.^gT/V^/VTrfeS) X'om\tfl6 [RuL( 

C 1 CO-^Jjg 

^titx M'^^mm^f^^^x. mmmnh tmmi^hxm^-r?>. 

(Rt4a^5^;v-efe5) J;^)3ltfl^5[RuLL' (NCS)]©-^-^ 



mmmu 

eL)Lt>V:ffyVLa iR\^3^^/UXh^) J;"951fm5 [RuL2(Cl)2] 
fig 

b)L^sij;ify KL f (R(l7KSS'feL< (±Ci_i5T/l^^/l^-e&?)) [ 
RuLaCC 1)2] 

Ru L2(CN)2] W-^fg 

(iTKJg't) b< (i;Ci_isr/v=3f^/v-t?fo5) j;!9S!lti.5[L2Ru {NCRuL'2 ( 

CN) } 2]<73^J5g 
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a) L ;5Si>3i^/V-2, 2' :6' , 2'-r/Vfc° P b T'fcS [R u L (C 

1)3] 

WLi'^n i x'omitn^ [rul'2(cn)2] o-a-^s 



>-KLf (Rtt7t=3^/V-C&5) <tt)Stftv5[LRu {NCRuL'2 (CN) } 3 

r^xf*. iy^*«^KMi5a '^M:(Dmmm\5h (Df^mn^m. 

i0iDi(;3**3i^5'y-/vtpic2iiiimoi(Diffclc^eL-/cT i c 1 4^^^ffi-5r t 

\^i.'0^m.-m\L^^>mm.^<r)7. V y^W^^mWr^. T i c 1 ^cOai^y 

V>-t?, ^(D;^ yl^t*lC^@L, 2 0(D^r^ (25mg/iiil 
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m (c) ^mu-r^o ^ffialocm^ 'pfi< b%9^%(D^m.%'^^. m^iQir 

f nj± ici^o fcWSU © ^ F*3 -t- CDS 2r28t: (cjov ^T305^-rBWP7K5^)^-r S o 

-7'>'^fflv^5„ T i 02:7-1- /VA^^fr-r 5:^9 ^^v'- b ^# A Lfc^, rcof^ 

i(0fiJ^^355J-rflff:O<, r(©*!!!a{Ci'9> 80-200 cO*Bli.7 r ^' 5 
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0. 5M© L i I S.tF 3 X 10"^M»?X*»^i?' / — /l^?§IS^-a ti-^S^*® 3 mWS,^ 

M^'fe3t-f"~W^KK'f[i3!j^ (incident monochromatic photon to current conver 
sion efficiency . IPCE) ^7°T3 h-f5„ ::tv!*TS<t "J #?3;jxfc„ 



[(1.24X 10^)x^«;ffi^K iuA/cm')] 

CI) IPCE a) = 

[iSS(nm)x^t^m(W/ni*)] 



(2) 7) = ISCxOCVxFF/P 

_h^tp, OCVHMIiIK«JE-Cfei9, I SC«®lHllS3fem^a-e&ip. FFH 
3fe«fl&®7-f/V7r^'i5'-(fill factor)T'fc!9, PtiAl4-*:»3lfi^-«I7-T'fe5 

o 

K(3)CD«jii^J;l9*)-«ffi(l. 2)i:fii8i$tl.TV^5„ ;SV^S«»KfiO. 5 MCDL 
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K^tT5„ 7fe®?SSH50~600 y^/h/m^, FjBIhI^®±(±660 ~800mV T'fcSo 

71-7 r^J'^' — (fill factor) [10. 7 ~0. 75VT?fc5<, ^^^3Sig*)fi!l600W/iD^® 

Ait3t3SftiC*3V^T550mV CDPBaj±Sr#X.. rtl!-i50W/iD^(i*3V>T300mV £J,Ti- 

5(C5~6%-efe5o 

gJ^T® i 5 L-r g^iS' y-f y jK^ri/ KcoiP*:9'liS(:: i !P , i^lOnm® =i n ^ 
750ml ®0. lM©«©^i^(C125ml ©f-^ W y7°njK^ 



:t>-W^^S'^M. TRITON X-100(40%Ti02)^^D;t2)o 
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30^)'M*lfig-r5„ y ^^VJ^(Di7yyir-y^^m.n^fz.1b. 30% (w/w) ©TRITON X 

h/K4, 400 —gOOnm CDjSS^J^I^*3lt5 Br%3tcD60%;5S7 

a«fc^t)■5^^:)fe^C*5^^■rTO^^C#^(flat feature) ^S^i", 400nni VXf (Dm.Uii^ 

3- H-5Klfl(c7^/i-i>.?r500 °c^ct5^^T lBtPt.m)$i-So -fe^^^-TST i 
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iSS[SOfe^®fc*#TLW7W/VA;aS450 ~850nin CDiTt)i£V^::^'-<^ h/V^ 

mmfi.%wmt>(^m^ tmz^4 t'cdasahi y ;^ 



-33- 



240 °Ci^TtT5„ ^-D-r K$r3»att:tf9:^S«Ji(-i£(f450 t;r'ftjtLfcii, * 
ttT i (III) ^mi>^b=^'i^ 



^ KT i Oa^-i-zVAJifCT i O2CO 2 ~ 3 ^V^-e450 °C 

b)-^-/«3g7>i'/l'A(Dm-<^K3t;^S WlSB) \X mSS«T i 02(P25, Degus 
sa AG, F-^'y. 30%/l'g^/l'i:70%T-^-^— ^raS-g-fe)^MV^/Co r^bfiT i C 

fcfe. ie&*(12g)5r^m#|:rt-CT-fe5^yVT-fe h^- (0.4ml) Sr-^tp/>4CD* (4ml 

'^mfj:-<-^ hlc'j^W^^fcm. »#SrMtt/i^Sf,7fc(i6ml)5rt^o< !9iPx.5r 
tt^liiptrSK-t-So mmc. #ffiffitt^flj(0. 2ml Triton (^S)X-100)^JPx.r« 

_hT?S»7^-7"()¥$ft40/im)('J:9av\ T i Oa^^'/PAcOiy^^pffiL. « 

h^^x-CV^/<ev^l5«^ff0^iSc-r?.o an-r F(5/i iW) ^J¥«t4;tf' 

#-e;£if5o a^SLfc^, mffi^SO-SSO t (^f*L<i*450 ~550 t) "C^^ 
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iiM$*i/t7t»«i: LTW7-i-/VAW#14t4, T i C 1 4»*^?t^^ P. ® T i 
02®$e.*5#»i^J;l9&^$^^5„ 2MWT i C \ ^(O:^ h s/ ^^«Sr 0°C(c 

i'mmt7Kr'0.2 M©T i C IJZ^^U S1i-hS::^*-rS(50/il/cm^)„ 

atifir. 30~550 °C ($J*L<!4450 ~550 t) T^^tC^fiT'SO^J-fBll^J^-r 5„ T 

i (III) :^^m^h(nm%HMtmm\c, z(D:)jm\tT i027 4/^j^±ici-/ 
, i(D^axt^±Eroj;5 5'iT i (III) :^mR^>h(DT i02<DmmHmtiHm 

tbSo F e J; 5 ?feT i C 1 (D^^ifeK*. T i Ogi-tt-^K'fliaw^^a;*^ 

i^v^fciidfc^T i CI j^m*^hM^^\^i.*)HmL-m\ Mmmi^. t i 

C 1 ^mm(DMm-±^m^^i^M^^i>o P25 ^*»F e^Og^lOOppm^-e-a-* 
. ^^xiiajB^tLfcfeJgwST-JJctiiSrPflS-rsr i:^5^?^tLTV^5„ TiCl^ 
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BAS-100 S^ft'f^T-^-^'l'if— (Bioanalytical Systems, USA) ^fflV^T 5 ~20 

1 L i c 1 iSML.-tv^s*P7i/^^^b^'.coTv^5<, ::ti.f4x;^ h^tlRlD« 



(co^^TWE$^^■r^^>^cv^^#:6«Ji^c*-efeSo oriei 450w xe 

SScW;^^:*' l-yI-}4450W<Ddf-ty >'3ti!i^Si'9#(tfcSpex Fluorolog 11 -CM^ 
•rSo SlJS^tbfcBe;^^^' h^VS0J5cJ|t;^^^' National Bureau of S 

tandard 150W/^ xi^^yy:y^\Z.^h WE 7 r ^ - Srffl V^T^ft 5 #^ 

I^T'.eHainamatsu R2658 /i^ h-e/V^y^y-f -V— "CfeSo ■f"^"CCD^M(4]iS=S''^fi» 
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^(Omm^W^i^. miM-t?>:ljm\ci:y)mM-r6. Oxford Instrumen 

ik^y-iy^^ J^i-±. iStt^— -j/^'ONd yagw— lf— /^Vw^^i:: i 9 532™ 

nix DSA 602Ax-:^^/Ht;->^-^-/VT-^-7-<1f-T?ailS-t'5o i CDxv'^/Hbxyx 



125ml co^^ W VT'njK'^v'KSrTSOml <D;!ktticDO. 1 M®5iK[c:Jg|£|2L7^i:as 
^>tV^Tr®=ITa-r KS?SSr230 ~240 t:it*3V^T^^ V^St L< 

K^T-e^jK^^^$*5 - t J; •5«*lii-5„ ico^;^-erojll'ro|ggfi200g 

iC5K!;:if-^^:t^v'K^y-7— , ^!l;itt'Union Carbide Carbowax 20M't.L<i± 
Triton X-405^JOx.T^> iWJKU -e— (iT i O2CO30~50Xfi-'-?— t ^ h 
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. ^JX.«3X 6cm<DAsahi Corp. S^^SStt^ft^^^a^ h 

/.CiOyVv. ■F!lx.(i200g/L»T i OaStMOyoOCarbowax 20M^^tfl50 /t 1 « 



o mm^m ~5oo t;, ^f*L<tt45o t;-e*ffi205>femfiK-r5o no 

10cm X 10cm® a^S i 9 Jpxt" 5o i^/'V!*;;^ b° y a 

S|i'i:HiJi-'®®*450 -550 °C. $J*L<(1500 2 ~12fl#PBl. &*L<il 

B^WXtt*. 0. 5M5B^t L< {±0. SMiiK't'C: i R#ffg?5»LTmti®«tffiSrefeK-t- 

-Cf*. «ti^5^^AfeS'#5W(C4-24H#rait^.^-efc?.„ rcD^^/^feiiSMfC 

ywASAHi mw&1lyy^t--h'mwmmM^WM:t^. ^ 
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(electrocatalyst) t LT#ffi-f"5„ 
:^fy;:^->— broSroja< (D^taffi^^gB}^^^ Imm, it@l. 5™ , ;S § 20iiimi7) 2 

W§i(-S«K^?«S:I,fc-to L< ilSSSiro^^^^l^V^- 
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INTERNATIONAL SEARCH REPORT 



iainv i Ajiplleiilon No 



A. dASSinCATWN OF SUBJECT MiWTBH. 

IPC 6 C07F9/B8 C07FI5/00 009857/10 H01G9/20 



AcwidiftgV? Ititemttiopfti Patgm Uaaification {iPCl or to both naPonai ciaaaifioancn and IPC 



B. FIELDS SEARCHED 



Mniinni domiMDMiiii (farekcd [diBiBcatantvflanfcillovedt)y«iUBficittonsjiiit»l<> 

IPC 6 C07F C09D HOIG 



i Kkdia- tun minmiun e] 



• Id the extent (luitiuch dociUKnb IK Mivid inttK licldt<««r4HiI 



Eiecnonic diu bw naadlci liuimg Itac inttnutioDSI aunb(iuineof oaubucand, wlKre;r«iic«l, seiceb temu ia«d] 



C, DOCUMENTS CONSIDERED TO BE RELEVANT 



Cate^Try ' 



Qtalion of doenmt, wiih mdicatun, whtfe Appiepnite, of the Rlevutp«BA|^ 



RdeuntiadaiBMs. 



WO. A, 94 04497 (ECOLE POLYTECHNIQUE 
P£0£RALE DE LAUSANNE) 3 Harch 1994 
see the whole docunent 

INORGANIC CHEMISTRY. 

vol .19, na.9. 1980, EASTON US 

pages 2797 - Z800 

MICHAEL A. WEINER 'EtSP-i- and 

nitro-substltuted pyridines and 

bipyridines. Their behavior as Ugands in 

Iron(II), CobaltCII) and Ruthenluni(II) 

complexes. ' 

see the whole docunent 



1-3 



1-3 



□ 



FinUtr dncumcitfi an Kited in tbc amlinuiliui of IwxC. 



Pitnt family nw ob m ue lined in aimx. 



of dted 

'A' document dcfming the geaenl State of the art wfBiA IS not 

COCnidcRd to be oTp-aiticLiliT TcLevAnoe 

'E* csrlin doouBcnt but publishcil an or alttr the ifltenulional 

filing date 

'L" docuvmt wtuehrav Uffowckxiticsonptiorlty daiiDtiJor 
Mhkh is dtcd Co csUbLuh the publiulioa date of msoKt 
otuttoii cr ofbir tptoMi ruion (at *p«fiii^ 

'O' tlacuDentRtBriDttoaonldiiciloue.iBetCnlii^ 
oihir means 

'f docKUfiiputilj^edpnorloitKiittinukmilfUmec^ 

later Ifaui the prionly date cUimed 



T" ta(cr ooauntnt puUldicd after ifac mtnactifiaal filii^ dit* 
cr pnonty dale and not ia wnfUec wtm Hu aroliodiDn but 
dtcd to undentanfl itic principle or tiicorv undmyinx IM 
invent! oo 

'X' documtnt of paiticiJar rclevan«; the ctfamed mvecfliofi 
cannDt toe eonddend nowl or canoct be cooHdeircd to 
inTOlwc an inwirtiY* step when the docuftWHt is taken •low 

■y documeri Pfpaitiajlar relcvMi»; the darned inrartioil 
afltiot be cOTis^cred to involve an inventive rt«p Mwn the 
document is comtnncd wj* one or more other aiwh doeu- 
mcDls. such oocabinaioa oeias obvious id a pcnon skillni 
in theaii- 

*&' dMURwrcmanberormBmepatttitfunfly 



DauoTihe aanil QQa^lctiDa of thcintmlinBl sireh 



S December 1994 



Nanw and nailing tddim of the ISA 

European Paitni oaioe, P.B. 3Bia PatcnOun 1 
NL . ^30 HV Rijswiik 
Tel. ( + 31 -70) 340-3040, Ttl 31 Ul ipOlO, 
FK: 1+31.70)340.3016 



Due of inailmf of ttw intcnuiifliul flcartb icpoct 

2 1. !2, S^t 



AuAotized office 



BESLIER, L 



nm FCT/tSA>]U iHcaa Himi) (July IM]| 
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INTERNATTONAL SEARCH REPORT 

i...(]nmtiQn aa patent finily members 



Entcm- il Apfdiutioci N« 

PCT/IB 94/00088 



patent doGumcat 
cited in tcitrdi report 



Pufa£siticQ 
date 



FMcnt fnmil]! 
racmberls) 



Publiation 
due 



WO-A-9404497 



03-03-94 



AU-B- 
EP-A- 



49S0293 
0613466 



15-03-94 
07-09-94 



fm I^rr/BA/iiI ^iu>i ani^f uaKj |JUy en) 
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(51) Int. CI. msuta-^ F I 

C 0 9 B 57/10 C 0 9 B 57/10 

:^-f^S, -y^TL—y^ 1024 

:^4y^S, y:^—^^ — 1012 if^^ 
y, ry'^^ \fy \-^)v-;vy ^ 17 
(72) ny^iy-^—, yyi^yy t°— 

■J'ai— 1373 ''y^^/iV'f 

4, i/^-^v f tr— -3. 20 

^•^;^a, /^ 1006 n— if> 

TT'r^oL Ki> ^i^v'gyi;^ 57 

^^-f^H, y^.-/^ — 1020 /u-fy, ]} 

3. 7 2'^' 25/x— 
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